ABSTRACT
Introduction
Prebiotics are short-chain carbohydrates (SCCs) that are indigestible by human enzymes, and that are metabolized by lactic acid bacteria. Both the structure of the carbohydrates and the bacterial species, presented in the ecosystem are probably important factors in controlling the fermentation of SCCs. The major products of the prebiotic metabolism are short-chain fatty acids (SCFAs), the gases hydrogen, carbon dioxide and bacterial cell mass (1, 8) . Galactooligosaccharides (GalOS) and other related oligosaccharides and carbohydrates have received considerable attention due to the health benefits they are believed to confer on the host. As a consequence, prebiotics are arguably a more practical and efficient way to manipulate the gut microflora than probiotics. Modulation of the colonic microflora through prebiotics, offers promise for reducing gut disorders that may be mediated through pathogens (4, 7) .
Certain peptides -molecules consisting of two or more amino acids -have been receiving attention from the scientific community because of their bioactive potential, for instance lowering blood pressure or preventing dental caries.
But there are also indications that some peptides could function as prebiotics. Several bioactive peptides having antimicrobial, immunomodulating and hypotensive activities are built into the primary structures of milk proteins and are released by enzymatic hydrolysis during digestion or by microbial activity during manufacturing of fermented dairy products (2, 5) . Because of their potential as physiological modulators, there is an interest in milk-based bioactive peptides as ingredients in functional foods with enhanced nutritional and health-promoting properties.
The aim of the present work was to study of the antimicrobial activity of a strain Lactobacillus fermentum I-5, cultivated in media containing whey proteins and a different concentration of galactooligosaccharides.
Materials and Methods
Bacterial strains and culture conditions A strain Lactobacillus fermentum I-5 isolated from Balkan homemade yoghurt, made from buffalo milk was used (6) . Lactobacillus fermentum I-5 was routinely grown in whey protein broth (Merck) (3) . Overnight grown cells were washed twice in saline (0.85% NaCl solution) and 10% of the bacterial suspension (10 7 cfu/ml) was used in the Commercially available galactooligosaccharides were examined. The carbohydrates degree of polymerization (DP) in the commercial source of galactooligosaccharides are shown as follow: galactooligosaccharides TOS-P Yakult, Japan; DP 2 -2%, DP 3 -48%, DP 4 -38%, DP 5 -12%. Lactose was used as a control. Galactooligosaccharides and lactose were added to a whey protein broth after sterilization using 0.2 μm sterile filters (Sartorius). The pH of the phosphate buffer was adjusted to 6.8 by 1 N NaOH. Analytical assays Bacterial growth was measured by a turbidimetric method at 650 nm and calibrated against cell dry-weight using a spectrophotometer (UV/VIS Shimadzu, Japan).
Antimicrobial assay was performed as previously described by well-diffusion method, using soft 0.8% agar (4). After adjusting the pH at 6.5 by NaOH, the activity of the collected samples (60 µl) was checked against Listeria innocua F.
For each experiment, the data was analyzed using the Excel statistical package. The OD readings and standard deviations were calculated from duplicated samples from three separated experiments.
Results and Discussion
This study has demonstrated that Lactobacillus fermentum I-5 from food origin can utilize galactooligosaccharides in commercial whey media. It is well known that while most of the bifidobacteria strains of human intestinal origin can readily use galactooligosaccharides, only a few strains from other genera, including lactobacilli, possess this ability. It was previously shown that several studied lactobacilli metabolize different kinds of oligosaccharides, and most easily used are galactooligosaccharides (4) .
It was performed a characterization of the acidification ability of Lactobacillus fermentum I-5 in media containing 1% whey proteins and 5% lactose or 15% GalOS respectively. The growth was monitored by the acidification of the media. The obtained results are presented on Fig. 1 .
It could be noted that the cultivation of Lactobacillus fermentum I-5 in media containing 5% lactose or 15% GalOS had a similar effect on the decrease of pH. On the other hand, the obtained results for the control variant (cultivation only in whey media) had a lower effect on the acidification of the media. Determination of colony forming units (cfu) of Lactobacillus fermentum I-5 was performed in the presence of different quantities lactose (as a control), galactooligosaccharides (5, 10, 15%) and whey proteins (1, 2, 3%). The index was highest in the case of 15% GalOS and 2% whey proteins ( Table 1) . A conclusion could be made that the presence of galactooligosaccharides contributes to higher growth rates. Study of the antimicrobial activity of Lactobacillus fermentum I-5 was performed against the food pathogen L. innocua. From the presented results (Fig. 2) was clear that the highest activity against L. innocua was estimated in the case when 15% GalOS were used. It is important to be underlined that this activity was detected after the first 12 h of the strain cultivation. In the case when 10% of GalOS were used the activity appears only after 24 h of cultivation. On Fig. 3 are presented the results of antimicrobial activity but when the amount of the whey proteins varies. In this case the contribution for the antimicrobial activity was due to 2% of whey proteins. The study of antimicrobial activities of Lactobacillus fermentum I-5 indicates that the system for uptake of galactooligosaccharides influences in a specific way the production of antimicrobial substance specific against foodborne L. innocua. The cultivation of this strain in whey proteins contributes to higher antimicrobial activity.
Conclusions
The only conclusion could be made that the presence of galactooligosaccharides contributes to higher growth rates and production of antimicrobial substances. It could be speculated that the combination of oligosaccharides and antimicrobial substances would produce a synergistic effect in promoting the growth of Gram-positive bacteria in the gut.
